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A stator winding is divided into segments 
enabling the stator current to be controlled to flow 
within a selected portion of the stator winding. The 
' " f "active" turns of the stator winding, that is, 



the number of turns ir 



h stator current is flowing. 



determines the motor performance, and thus the speed 
range over which the motor will operate efficiently 
The overall speed range of the motor can be extended by 
selectively connecting a power supply across one or 
more segments to thereby dynamically adjust the number 
of "active" turns of the stator winding. A 
permanent magnet brushless DC motor incorporating the 
stator winding of the present invention can be designed 
having an overall performance characteristic that is 
similar to that of a series polar direct current motor. 
It has a higher torque at low speeds, providing good 
starting and climbing performance of a vehicle 
incorporating such a motor. The motor can operate 
efficiently at moderate and high speeds, and can be 
controlled using a simple control system, thereby 
enabling simplified operation of an electric vehicle 
incorporating the motor. 
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aI^SSS *i*d into moments enabling the stator current to be controHed to now within 

winding. The number of "active" turns of the stator winding, that is, the number of turns >n wh.ch stator currerrt is flowing 
determines the motor performance, and thus the speed range over which the motor will operate efficl ^J m h f° ve .f ' ^ 
range of the motor can be extended by selectively connecting a power supply across ^ 7» re ^™^^ n e ™ 1 ^ 
dynamically adjust the number of "active" turns of the stator winding A permanent ^^^^^S^" fl j! 
stator winding of the present invention can be designed having an overall performance characteristic that n ; simrfa tc .that of a 
series polar direct current motor. It has a higher torque at low speeds, providing good starting and climbing I perfo mmtfa 
vSCorpofating such a motor. The motor can operate efficiently at moderate and high speeds and can be controlled using 
a simple corTro sysfem thereby enabling simplified operation of an electric vehicle incorporating the motor. 
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ABSTRACT OF THE DISCLOSURE 

A stator winding is divided into segments enabling 
the stator current :» be controlled tc flow within a 
selected portion of the stator winding. The number cf 
"active" turns cf the .stator winding, that is, the number 
of turns in which stator current is flowing, determines the 
motor performance, and thus the speed range over which the 
motor will operate efficiently. The overall speed range of 
the motor can be extended by selectively connecting a power 
supply across one or more segments to thereby dynamically 
adjust the number of "active" turns of -he stator winding. 
A permanent magnet brush less 1<C motor incorporating the 
stator winding cf the present invention car. be designed 
having an overall performance characteristic that is 
similar to that of a series polar direct current motor. It 
has a higher torque at low speeds, providing good starting 
and climbing performance of a vehicle incorporating such a 
motor. The motor can operate efficiently ai moderate and 
high speeds, and can be controlled using a simple control 
system, thereby enabling simplified operation of an 
electric vehicle incorporating the motor. 
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5 TAT OR WINDING TOR A VARIABLE SPEED BRUSHLESS 
DIRECT CURRENT :DC) MOTOR 

TECHNICAL FIELD 

The present invention relates to brushless DC 
motors, and in particular to a stator winding for a 
variable speed brushless DC motor. 

BACKGROUND OF THE INVENTION 

Conventional permanent magnet brushless DC motors 
include a permanent reagnet rotor magnetically coupled :c a 
stator, which includes at least one stator winding 
electrically coupled to a power supply. As is known in the 
art, increasing the number of stator windings has the 
effect of smoothing the output torque of the motor. 
Typically, three independently driven stator windings, or 
phases, are utilized, as a compromise between smooth output 
torque and efficient design of the power supply and phase 
driver circuits. Each phase is manufactured having an 
equal number turns, which is selected based on desired 
performance characteristics (output speed vs. torque speed) 
of the motor. As a result, a motor will operate 
efficiently only within a predetermined range of speed and 
torque, which is fixed at the time of manufacture of the 
motor. 

In many instances, and in particular for electric 
vehicles, motors need to operate over a very wide speed 
range. For example, when a vehicle is starting or climbing 
up a slope, high torque output at a low speed is required. 
Medium torque and speed are needed while driving at 
moderate speeds (e.g. within a city), whereas a high speed 
(and low torque) is necessary when driving at high speed, 
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Vahwf- Currently brushless DC motors do not 



perform satisfactor 



such a oroad range of speeds 



Typ'caliy, lf a motor is designed for satisfactory 
ooeration at lower speeds, efficient operation at higher 
speeds is concise*. Similarly, if a motor is designee 
for satisfactory operation at higher speeds, satisfactory 
operation is not obtained at a lower speed. 

Accordingly, a brushless DC motor capable of 
operating efficiently over a wide range of speed and torque 
remains highly desirable. 

crTMMARY OF THE INVENTION 

7 . it <s an object of the presen. 

Accordingly, it -s 

invention to provide a .»t« — *« \ b ™ h1 *" ~ 
Bt „ that is capable of producing satisractory mo.o. 
performance over a wad. speed range. 

accordingly, an aspect of the present invention 
provides a starcr .indin, for » " "t^, . 

sta tor winding includes at least two stents h.vrng 

r ,„„-iev of turns. Each segment includes « 

::::::::: « ; - — — — - f 

the segment to a power suppry- 

The rumber of turns of each segment may he selected 
based on a desired performance of the motor. 

Th e segments ma, he eieccr reel, connecteo^in 
Preferably, means are P^ v - aeQ 
' S " I- g eselected one of the taps to the power .apply, 
connecting a select* ^ contrclled to now through , 

Thu s a stator our.. conn e=ting a 

.elected one or more . the J, ^ ^ ^ 

selected one of he P 
0 cases, the number of turn. o. 
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may be selected such Chat a total number of turns in which 
the stator current is flowing yields a desired performance 
characteristic of the motor. 

Thus the present invention provides stator winding 
which is divided into segments such that the stator current 
car. be controlled to flow within a selected portion of the 
stator winding. The number of "active" turns of the stater 
winding (that is, the number of turns in which stator 
current is flowing) determines the performance 
characteristics of the moior, and thus the speed range over 
which the motor will operate efficiently. The overall 
speed range of the motor can thus be extended by 
selectively connecting a power supply across one or more 
segments to thereby dynamically adjust the number of 
"active" turns of the stator winding. A permanent magnet 
brushless DC motor incorporating the stator winding of the 
present invention can be designed having an overall 
performance characteristic that is similar to that of a 
series polar direct current motor. It has a high torque at 
low speeds, providing good starting and climbing 
performance of a vehicle incorporating such a motor. 
Additionally, the motor can operate efficiently at moderate 
and high speeds. Finally, the motor can be controlled 
using a simple control system, thereby enabling simplified 
operation of an electric vehicle incorporating the rao:cr. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further features and advantages of the present 
invention will become apparent from the following detailed 
description, taken in combination with the appended 
drawings, in which: 
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Fir l < s a schematic diagram illustrating a 
three-phase' stator w.ndin, in accordance with an embodiment 
of the present invention; 

PIG . : is an exemplary speed vs. torque gra P h 
-f >, ) T rsMe5s DC ir.otor 
illustrating the performance ^ * brush 

, na - £t,t,r winding in accordance w_.n *n 
incorporating a s" 1 -- 1 
raiment of the present invention; 

3 is , block diagram schematically 
tUu5 tr,tin g connection of a * ' ^ 

s ,ppiy in accordance with an -~U~»t ». P- 

invention; and 

„. 4 a schematic diagram illustrating a 

f , ur - P ha 5 :'stat;: „ inding - accordance with a second 
embodiment of the present invention. 

wir be noCad that throughout the appended 
. ^/features are identified by like reference 

drawings, re °- Jl " 

numerals . 



of 



~T»«TrtW OF THE TTF""*™ EMBODIMENT 

~ ^T^TI^entionlrovides a stator win.. 

^ in which the number of active (i.e. 
a brushless Du mote, * in ordflr 

curre nt-carr y ing> turns ca^be ^ ^ ^ 

-- ld r £lCi6 - P r a ^-"an exemplar, stator 
IZTl. accordance with ,n embodiment of the present 
invention . 

. „-.- -i che stator winding 2 
I„ ^_he embodiment o- F_G. -r 
<Wi*d into three phases ..Me connect*, in a ao- 

v. ci-i-l-d in that art will appreu.ate 

stat patt " n „ Z" £~ « - - — 

that more, or tewe-, 
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connection patterns other than a star connection pattern, 
such as triangle and quadrilateral connection patterns may 
be utilized. Similarly, those skilled in the art will 
appreciate that the stator winding may be driven by any 
suitable DC power supply, which may, if desired, utilize 
either half wave or full wave rectification. 

Each phase 4 is divided into two or more 
segments 6. Each segment 6 has a predetermined number of 
turns, and includes a respective tap 8 enabling that 
segment 6 to be connected to a power supply (not shewn) . 
Within a phase 4, each segment 6 may have the same, or a 
different, number of turns, as may be appropriate for the 
desired overall performance of the motor. However, 
corresponding segments 6 in each phase 4 should have the 
same number of turns. Thus, for example, segment 6a in 
phase 4a should have the same number of turns as 
segments 6f and 6i in phases 4b and 4c, respectively. 
Similarly, segment ob should have the sane number of turns 
as segments 6e and on; while segment 6c should have the 
same number of turns as segments 6d and 6g . In general, 
the segments 6 may be connected in series, as shown in 
FIG. 1, or in parallel, as desired. In either case, the 
number of turns of each segment 6 is preferably selected 
based on desired performance characteristics of the motor. 
In particular, the number of turns of each segment 6 can be 
suitably selected such that, by connecting the power supply 
across one or more segments 6, the stator current can be 
controlled to flow within an appropriate number of active 
turns to yield efficient motor performance for the speed 
regime in which the motor is operating. This operation is 
shown in FIG. 2, which is an exemplary speed vs. torque 
graph illustrating the performance of a brushless DC motor, 
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the 



9-:S235-lCA 

- . — ive > -n each winding phase -! 

in which the number a--*v- - 

is varied. 

-s - known in the art, a small number of active 
tu _ -tor perforce characteristic 10a that is 

propria, to a high speed (and low torepae, operating 
Similarly, a moderate nu^er =f active turn, 
Jelds a motor perforce characteristic 10b that is 
, n - m ,dp'^e- speed (and torque) operating 
appropriate to <* ni^ae.d-e y „^ rnr 
, ,,f --five turns yields a ir.otor 

regime, while a high number of cv-ti-e 

^formance characteristic 10c that i. appropriate - ^ 

low- S peed (and high torque) operating ' , 

present invention, the number of active turns is -t olled 
by selecting the nu^er of turns in each segment o, «d b 
controlling the number of seg-nts e through wmch - 

- fi,,., m the embodiment of FIG. - , 
s^ator current flows. m ^ 

Lnected secants 6. I. this »», th. etator ourrer, c 
b e dynamically controlled to flow thrown =n„ two, „ .11 
r hre e of the segments «. in order to yield an overal! .o.cr 
.hatac-eri-t-c 12 indicated by the bold line in 
performance charac.er_.t ^ ^ ^ ^ 

the granh of --io. ^ • 

h-r»-t-eristir 12 extends over a fax 
motor performance ,:h„ra._tei isti . 

of speeds than could be obtained with 
wider range of spee^o 

t , mc ,torSr in which the number of 

conventional brushless -X motor., 

active turns is fixed. 

into an 

. - t -iirt sirina at least 
a-bitrary number of segments 6 (each _or.tdir g 
one turn). The embodiment of TIG. 1 utilizes three 
segments 6 in each winding phase 4, yielding a 
0 Responding three-segment overall motor performance 

. „. It will be appreciated that as the 

characteristic 12. It win 

inrrp -c SS the overall ff.o.or 
number of segments o mere..-, 



in principle, each phase 4 may be divided 



C* 02341095 2001-Q3-: 



9-152? 



Performance characterise K1U .ore =l0 .. ly aDD . 
smooth curve 14, as is sho»„ i„ riG . " apP - 0J! ™^ a 

' U» stator w inding co . Dc ^ " ^ ■ "ae « c f 

~ ;r:r u ^ 
- — « ™ :::;:y::;; - 

an equal nurier of active turns. ^ 
As shown in FIG. 3, esr h - • 

taps to the po»« supply . „. 5lng tMj « ri „ geTCnti £ 
« a connected by the control unit 16 to the powe 
*• U ' — — ' rlows throat a 1 1 

is connected to the f ,o WH , ta? ^ 

— ~sj:::r::"; a :r ™ t 

performance appropriate for 



ac.ive -.urns, yielding Kot or 

-rp^'-oi* for ."J Ttldrii nm „». 



Finally, whe , t „ . ^""^9 

~r,:„r 

-oh wlnding phase dividad a ^'t.„l pattern, 

connected secants. i„ the illostr-t , '" eri " 
winoin, phase 4 l s oivlOe „t 0 ««h 
* a-vicied into tour segments 6. It will 
that the „ unb er o £ active tarns la each phase « ^ 
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9-15289-1CA 

- 8 - 

be controlled by selectively connecting one of the caps o 
from each phase -1 to a power supply, so that stator current 
flows within a desired cne or more segments 6 of each 
phase 4 . 

5 Thus it will be seen that the present invention 

provides a stator winding which enables the stator current 
to be controlled to flow within a selected number of active 
turns of tne stator winding. The overall speed range of 
the motor can therefore be extended by switching the stator 
10 current to flow through one or more segments of the stator 
winding, to thereby dynamically adjust the number of 
"active" terns of the stator winding. 

The embodiment (5) of the invention described above 
is (are) intended to be exemplary only. The scope of the 
15 invention is therefore intended to be limited solely by the 
scope of the appended claims. 
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I CLAIM; 

1. A stator winding for a brushless DC motor, the stater 
winding comprising at least two segments having a 
respective plurality of turns, each segment including 
a respective tap adapted to enable electrical 
connection of the segment to a power supply. 

2. A stator winding as claimed in claim 1, wherein the 
number of turns of each segment is selected based on 
a desired performance of the motor. 

3. A stator winding as claimed in claim 1, wherein the 
segments are electrically connected in series, 

4. A stator winding as claimed in claim 3, further 
comprising means for electrically connecting a 
selected one of the taps to the power supply, such 
that a stator current flows through a corresponding 
selected one or more of the segments. 

5. A stator winding as claimed in claim 1, wherein the 
segments are electrically connected in parallel. 

6. A stator winding as claimed in claim 5, further 
comprising means for electrically connecting a 
selected one or more of the taps to the power supply, 
such that a stator current flows through a 
corresponding selected one or more of the segments . 

7. A stator winding as claimed in claim <3 or 6, wherein 
the number of turns of each segment is selected such 
that a total number o: active turns yields a desired 
performance of the motor. 
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Torque 
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Figure 3 
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